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MEMORANDUM FOR RECORD

SUBJECT: Analysis of Exploratory Drilling Data, RMA

1. An exploratory drilling program was initiated at PURA to gather
specific information on the subsurface system. Fifty-four bore holes
were drilled along the sections shown on the attached map (Incl I).
The logs from these bore holes (Incl 2) show the nature of the sediment
making up the ground water table aquifer, the depth to ground water,
and the depth to bedrock. Subsurface cross-sections were constructed

from these logs (Incl 3).

2. Bedrock Conditions

The drilling logs show that the bedrock is generally composed of clay/
claystone with some sand/sandstone. In bore holes 17, 18, 19, and 20 a
notable quanti.ty of sandstone was found in the bedrock. In bore holei
17, 18, and 19 the sandstone formed the top of the bedrock, in bore hole
20 the sandstone was covered by a weathered claystone. In all cases this
bedrock sandstone did contain ground water. Sufficient drilling information
is not available to determine the extent of this bedrock unit. The!se data
do indicate that it is possible for a bedrock sand unit to be hydraulically
linked to the water table aquifer. If such a bedrock sandstone were
extensive enough it could act as a confined aquifer obtaining its recharge
from the ground water tabl.e aquifer. When the comprehensive drilling

program is undertaken, detailed logs should be kept on the bedrock to
determine the presence and extent of permeable sandstone units.

3. Aauiler Sediment Conditions

a. The sediment above the bedrock was a clayey silty sand. At times
some lenses of clean'sand were encountered but these units were not extensive.
Wells drilled into this type of sediment do nnt yeild sufficient quantities
of water for pumping. Also, this type of sediment hds a radius of pump well
influence of only 5 to 10 meters (Jumikus, 1962). If conventional pump
wells were installed the maximum spacing would be 5 to 10 meters unless
specific aquifer test data indicated otherwise. Thus, with the data currently
available, a conventional well system would not be considered adequate to
control ground water flow.
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b. A pumping trench will, be required if ground water flow is to be
controlled. This trench should be dug across the aquifer section. The
trench would be backfilled with large gravel around perforated pipe. The
perforated pipe would drain to a collection point or points where the
water would be pumped for containment/treatment. The placement of such
a pumping trench is dependent upon ground water movement and the concentra-
tion of suspected contaminants in the system. The depth of the trench is
dependent upon the depth of contamination in the system.

h. Subsurface Cross Section Analysis

a. An analysis of cross sections 0-0, P-P', and Q-Q' taken across the
bedrock draw south of Basin C show that the bedrock channel narrows and
becomes more "V' shaped to the south (X-Sec Q-Q'). The saturated portion
of the sediment is more to the southwest (left side of X-Sections) than
indicated by the USGS map data (Konikow, 1975). These data indicate that
ground water flow coming from the Basin A are•z tends to flow more toward

,the west and northwest, even more so than indicated on the USGS ground
water contour map. if such a volume of ground water is moving to the
northwest, then the quantity of flow to the northea:t from the Basin F area
may be smaller than expected. If this flow is not small then some other
flow conditions may be sustaining flow. Currently, not enough detail in-
formation is available to assess these flow conditions. These conditions
should be noted and further evaluated as more data becomes available.

b. Another notable feature is shown on X-Sections P-P' and Q-Q'.
Bore holes 7 and 16 were drilled irimediately northwest and southeast of
Basin B. The ground water table in these holes shows the capillary rise
associated with Basin B. Water stands in Basin B even after long dry
periods. This is a surface expression of ground water. Basin B water is
also augmented by surface run-off water principally from the Basin A area,
along the ditching between these basins.

c. Bore hole 12, X-Section Q-Q' shows a depressed ground water condition.
This depression in the ground water table is probably due to increased perme-
ability in this part of the aquifer. The drilling log for bore hole 12 also
shows a higher sand content with less fines indicating a higher permeability.
This again indicates more flow on the south-west side of the aquifer channel.

d. X-Section R-R' was drilled southeast of Basin A. The complete section
has been broken into sub-sections as marked on Inclosure 1. X-Section R-RT1
shows the ground water table to the southwest side of the section. This

portion of the section is close to Upper Derby Lake and indicates that in-
filtration from the lake may be providing a good portion of the ground water
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recharge in this area. From USGS model work, Phase I, the recharge
attributed to the lakes and industrial Rctivities was determined to be
55 GPM. To further define this flow quantity, ground water leve! changes
in this area should be compared to lake level changes. If Upper Derby
Lake is the principal recharge source for ground water under Basin A, the
level of this lake should be kept low to reduce the flow of ground water
under B,'sin A.

e. No water was noted in the remainder of X-Section R-RT , r~or in
X-Section RT 1 -RT . X-Section RT 2-R' contained water in borelhole 39 with
indications Of some water in bore hole 40. These bore holes correspond to
the lowest section of the bedrock high northeast of Basin A. Map data and
KonikoW's chloride modal work (Incl 4) indicates that this part of the bedrock
high could be flooded by ground watpr from under Basin A. The presence of water
in these borings indicates that flooding has or is occurring. Verificaticn of
this overflow can be obtained by drilling a bore hole 500 feet northeast of bore
hole #39 (Incl 4). If overflowing of this bedrock high is still occurring, a
sample of ground water from the verification bore hole should be taken for
analysis. This analysis will determine if any of the contaminants suspected
in the Basin A area are moving into the First Creek drainage system at this
point.

f. Cross-Section S-S' was taken along the north boundary of the Arsenal.
This section shows a depression in the bedrock surface under the bog, i.s well
as under the existing First Creek channel. If contamirsants are stratified in
the ground water system, depressions such as these could provide undetected
conduits for movement of contaminants. A lysimeter system should be placed
near the location of bore hole 50, south of the bog. Lysimeters should be
located at the bottom of the aquifer, the middle, and near the top. Analysis
of these samples will show contaminant movement at all depths.

g. West of the bog the bedrock surface forms a mound with bore hole #47
at the apex. Comparison of the water monitor plan DENT map to this portion
of the cross section shows that the highest concentration of DIMP coincides
with the bedrock mowud. This could be an indication of stratification. Also,
the ground water contours (Konikow, 1975) are more closely spaced in this part
of the section, indicating a higher velocity of flow (assuming constant trans-
missibility), than in the eastern part of the cross section. A lysimeter has
been proposed for placement near bore hole 47. If this system was placed near
the location of bore holt 145, the increased velocity effect as well as stratifi-
cation could be evaluated.

h. Besides the above data these cross sections show the bedrock configura-
tion with sufficient accuracy to establish cost estimates for barriers placed
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at these sections. These cross sections can also be used to compute section
areas, ground water velocity, a.,d ground water discharge rates.

5. Conclusions

a. All drilling done at IRMA should "be accuraiely logged,, especially
the bedrock conditions. This logging is being done for the SGO drilling
program and should be continued when the comprehensive drilling work is
done. . "

b. Data bearing on ground water flow conditions under Basins C, D, E,
and F. should be assembled and correlated to more accurately determine how
the ground water flow from Basin A distributes to the north. These data
include the depth to ground water each time a water sample is taken for
analysis, the physical conditions of each monitor well (i.e., depth of well,

casing depth, well screen length and depth, etc), and the water monitor plan
results. These data are in the process of being gathered. Computer simula-
tions of flow is being done by USGS end this data, intergated with the chemical
data, will be useful. Also accurate logging for depth to water and depth
to bedrock during the comprehensive drilling program should be done, especially
in the Basins area.

c. The monitoring of ground uater levels from the sampling wells as
well as other wells north of Upper Derby Lake should be done. At thL same
time the level of Upper Derby Lake should be monitored. Correlation of these
data would indicate how much the ground water system under Basin A is being
recharged ýy Upper Derby Lake.

d. A verification hole should be drilled 500 feet northeast of bore hole
39 (Incl 1) to determine if ground water is breeching the bedrock high. This

hole should be drilled during a period of high ground water. If water is found
it should be analyzed under the existing water monitoring.plan.

e. Position two lysimeter sampling systems along the north boundary, one
system near the location of bore hole 50 iaediately south of the bog, aaud one
near the location of bore hole h5 (Inc! 1). Three lysimeters should be placed
at each point, one near the bottom of the aquifer, one in the middle, and one
at the top. Samples from these lysimeters should be analyzed under the existing
water monitoring plaz•. These lysimeter sampling points are currently being
considered in conjunction with other sampling points in the RMA elf post con-
tamination plan revision.
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7. ANY OTHER CO.'11IENTS, SUCGGESTIONS OR CAUTIONS -
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